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SECTION I 
Title of Project: Reversibility of Organic Reackions 
Long-term Tech- Investigation of capability of or 
Aims: organic compounds for use in high energy 
secondary batteries. 
Specific Aims for Testing of the efficiency of the 
This Period: rhodizonic acid (RA) graphite paste 
electrode with newly designed aelJ .  
Results of Work The cell employed in study of ]RE graphite 
in This Period: pas$e electrode is schematically presented 
in Fig. 1. Both the paste eleatrade and 
the counter electrode compartments were 
provided with inlets and outlets fQr the, 
passing of Nz. The two compartments were 
separated by cationic exchange membrane 
to prevent diffusion of the dissolved 
portion of RA to the working electrode 
compartment. The RA graphite paste eleutrode 
was made by mixing 5 g of solid RA with a 
wet mixture of graphite and activated char- 
coal in a ratio of 1:l. The activated char- 
coal was employed in order to hold adsorbed 
RA at its surface and prevent the loss of 
RA by dissolution in the surrounding 
electrolyte. The potential of the paste 
electrode w a s  measured against the 
saturated calomel electrode through a 
Luggin capillary adjacent to the qlass 
frit separating the paste electrode from 
the solution. All potential values were 
corrected for IR drop through both solu- 
tion and glass frit. 
The discharge characteristics of the 
RA graphite paste electrode with Pt as a 
counter electrode in 1.2 N NaCL are pre- 
sented in Fig. 2. The main loss in the 
current efficiency was observed during 
the first discharge. The discharge was 
followed by changing to the initial 
potential, and discharging again. Up to 
ten disahavge and charge cycles of the RA 
paste electrode were performed during which 
the curreqt efficiency remained practically 
unchanged and equal to 100% of the first 
discharge cycle. 
The current efficiency for the reduction 
of RA to hexahydroxy benzene (HHB) according 
to the reaction (1) 
RA C 4H' -I- 4e $ HHB 
has been followed in separate experiments 
by potentiometric titration of the reduckicm 
2 
Cion o f  the s tqble  in@srmediate t e t r a  
qroxyquimone. A de$ailed analysis o f  
Spec i f i c  Ajms 90% The furreher sltudy of the cur;ren$ effiqieqqy 
Next RepoTt 
PexiQd: 
of the Wi graphite  paste e lec trode ,  
Bs.t;ailw3 meoh 
regctlt;fon 
Captiw;s h~ !?&qures : 
1. Schematic representation ~f c e l l  used i n  daterminipg 
charge-disehnrge charaeter$st ics  aP the PA-RHB couple,  
2 .  Discharge aharapteristics (eqpressed as t Q t a l  couba@r; 
passed v 8 ,  potential) a s  a function ~f Catal current;. 
Eleatrode area 3 . 1  c m 2 .  
3 

Y h  
SECTION I1 
T i t l e  of P ro jec t :  Oxygen Disso lu t ion  Reaction: A Theoret- 
i ca l  Study 
Long-term A i m s :  T o  c a l c u l a t e  t h e o r e t i c a l l y  t h e  ra te  of t he  
oxygen d i s s o l u t i o n  r e a c t i o n  and then  study 
t h e  p r o p e r t i e s  of t h e  metal electrode an 
which t h e  rate of bhe above reaction depends 
most. Such a s tudy ,  i f  SUCC~SS~UI ,  w i l l  
be of g r e a t  he lp  i n  developing a c a t a l y s t  
f ~ r  t h e  oxygen d i s s o l u t i o n  r e a c t i o n .  
S p e c i f i c  A i m s  f o r  T h e  a i m  for t h i s  per iod  was t o  look i n t o  
T h i s  Period. t he  i n i t i q l  s t a t e  of t he  r e a c t i o n  i n  detai l .  
Resul t s  of Work A s  mentioned i n  t he  previous r e p o r t ,  t h e  
in This Period' rate determining s t e p  of  t h e  oxygen d i s so lu -  
t i o n  r e a c t i o n  i s :  
Thus the  i n i t i a l  s ta te  f o r  t h i s  r eaq t ion  
c o n s i s t s  9f an 02 molecule and a proton i n  
solu-kion, and t h e  e l e c t r o n  i n  t h e  metal. 
9t i s  p r e t t y  ohvious from t h e  above ra te  
determining s t e p  t h a t  i n  t h i s  s t e p  a th rea-  
body process  i s  occurr ing.  
have t o  arr ive a t  a p a r t i c u l a r  coefigurat.ign, 
and t h e  moment such a Configurat ion i s  
T h e  02 and. H' 
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eaies in s o l u t i o n  gecuss:, 
Wow, w e  considered the various possible 
Ways in which the HsO' can approach the 0 
mpJ,eeuI,q neay the electrode ~urface. There 
qye a lqya number of wayq in which such 
occur. Howeverp two distinct 
were ultirnatqly considered to 
peune2y (a) a co-linear approaah, 
r B  
iTe.? the 0 0 H--*O< + 
bond 4~ the mobsc~le and the HS - 0 bond in 
HBQ* $$e in the same line, and (b) the per- 
where the H" - 0 bpnd in HsO' is perpendi- 
culaq, IP the latter cgse the species has 
C20 symmetry, Now the problem was to 
@qqide whiah of these approaches plays the 
predominiqnt role in the rate determining 
8qep of $be sxygen dissolution reaction, 
Singe %here i s  no experimental evidence f o r  
the aqc~rrepee of amy of those species in 
any form OF any stabe, we had t p  decide on 
some $haoretical criteria. The criterion 
kha* was deqided upon was %he following: 
Lt 4s usu@Lly agreed t$at whenever twp eon- 
f i g u p a t b n s  Fan be formed far the same 
$ ] B R I c ~ ~ s ) ,  the praQaTred cgnfiguration is the 
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one having the Iswr ener y "  so it was 
decided that we w i l l  
calculation for both the eonfigurakio 
as the H' approaches the oxygen molecule 
and whichever configuration gives the lowex 
energy will be considered to be the p 
ferred configuration. However, what we 
have said up til now is truly valid for the 
gas phase. But, unfortunately, we have 
the solvent in OUT case to take care of. 
It is easily imaginable that the s 
will play a very important role in deciding 
the configuration of the above-mention@ 
species, It is extremely difficult, to take 
the effect of the solvent into account 
quantum-mechanically because the problem 
@hen becomes too immense to be solved. So 
the effect of the solvent has to be taken 
into account in some classical manner. 
Specific Aims for In the next period we would like to decide 
Next Period: on the exact manner in which the solvent 
effect can be taken into account. Then we 
would like to decide in detail our model 
for the final state. 
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SECTION I11 
Title of Project: Zinc Electrode Study for Silver-Zinc 
Batteries 
Long-Term Aims: Prevention of dendrites' growth and of 
decrease of active surface on the Zn 
electrode. 
Specific Aims for While crystallization process is also 
This Period: involved, we first deal with organic 
adsorption in order to understand 
dendrites' growth inhibition. 
Previous studies (I' invite to 
investigate adsorption of large organic 
cations (tetraalkylamonnium. a , 
hemulphogene, Triton ...) and to select 
those which would adsorb on the cathodic 
side, Zn deposition, ire.p charging 
potential region, and desorb on the 
anodic side, Z dissolution, i.e., 
discharge potential region of a battery. 
Dendrite growth is expected to be inhibited 
if we can decrease the exchange current 
density by adsorption of organic species 
in the charge potential region, while the 
battery efficiency need the exchange cur- 
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r a n t  deqs i ty  rrqt 
decharge region gf p o t e n t i a l .  
eased i n  t h e  
Most of the usuaX methods of 8dsorpt ion 
s t u d i e s  aye forbidden for  OUT purpose: 
e l e c t r o e a p i l l a y y ,  v a r i e d  sweep or pulse  
metbodg, hydrogen coverage measurement a 
beoause we want t o  ope ra t e  on a so l id  metal 
which i s  far f r o m  "nob$g," w h i l e  a l l  these 
methods need t o  avoid laFge: c u r r e n t s  as 
t?oSe eypected in t h e  p p t e n t i a l  Tange t o  be 
investzigated. After an i p v e s t i g a t i o n  u s i  
d i f f y s i o n  theo ry (3 )  which fa i led ,  w e  s t a r t e d  
to u s e  t h i n  f i l m  e l l i p somet ry  measurements, 
Resul t s  of t h e  Ellipsometry method relate W e  changes i n  
Work : i n t e n s i t y  and polarizai$qn, of an e l l i p t i -  
c a l l y  po la r i zed  l i g h t  beamF t o  t h e  charac- 
terist ics of t h e  supface 
beam. ( 4 )  
the  l ighk  
One needs a smooth and f l a t  e l e c t r o d e  
as a mirror. W e  were ahle t o  o b t a i n  such a 
z i n c  su r face  by meqhanjcal po l i sh ing ,  b u t  
t h e  br ightneys  was never very good, perhaps 
due t o  oxide l a y e r ,  and o p t i c a l  parameters 
differepces between g r a i n s  af d i f f e r e n t  
c r y s t a l  faces. 
I n s i d e  t h e  ce l l  w e  must maintain t h i s  
mirror-l ike s u r f a c e ,  i .e . ,  have n e i t h e r  
d i s s o l u t i o n  nor  H2 bubble fogmatioq. I n  
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1 N KOH s o l u t i o n  the rest pot ,ent ia l  of 
Zn w a s  -1.5 V (SCE) and i t  was pos 
to vary the p o t e n t i a l  hgtween t h i s  va lue  
and -1.7 V ( S C E ) :  i n  t h i s  cathodic ragion 
t h e  cor ros ion  i s  deoreased w h i l e  t he  hydrg- 
gen evolu t ion  r e a c t i o n  i s  n o t  t oo  s t rong  
and bubble formation i s  avoided. MoreoverI 
t h e  su r face  must remqin oxide-free and 
t h i s  appeared t o  be very d i f f i c u l t :  thq 
e l l ipsometry  measured va lues  of p o l a r i z a r  
t i o n  angle  and i n t e n s i t y  were found gen- 
e r a l l y  t o  vary w i t h  t i m e  and t o  correspond 
t o  those of an oxide f i l m  on the  sur face .  
The compound t o  4e observed must have 
larger than  t h a t  of water.  I n  t h e  a v  
absence of accu ra t e  va lues  i n  t h e  Literature 
fox our t e t r a a l k y h p o n n i u i  s @ t q  w e  measured 
t h e  r e f r a c t i o n  index of ketyaalkylammoniurn 
hydroxide: i nc rease  of the r e f r a c t i v e  
index w i t h  concent ra t ion  proves (OH- is 
o p t i c a l l y  the  same as w a t p x )  t h a t  t h e s e  
larger c a t i o n s  are o p t i c a l l y  a c t i v e  for 
e l l i p s o m e t r i c  measurements. W e  had t o  
avoid the  presence ob chloride or bromide 
sa l t s  because these anions are o p t i c a l l y  
very a c t i v e ,  and change i n  Cheir adsorp t ion  
on t h e  Zn su r face  would mask change i n  
adsorp t ion  of our ca t ion .  
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Because the e%ectrochemically unstable 
An surface we couldn't use a wide potentia 
region as in other adsorption studies by 
ellipsometry. ' * )  We thus put our compounds 
in the solution and measured the change in 
ellipsometric values (change in the refrac- 
tive index of the solutiqn due to the addi- 
tion of compounds may disturb the or>tical 
system) before and after. Wo change was 
observed, when we were expecting absorption. ( 5 )  
We tried also on platinum whose stability 
allows better experimental conditions: no 
change was observedl but we didn't find 
adsorption data of tetraalkylammonium sa l t s  
on plqtinum in the literature; perhaps as 
for iron (6) there is on platinum no adsorp- 
t i o n  of these species. 
Specific Aims for Since ellipsometry gives no resvllts, the 
last method to be used, according to the Next Report 
Period: 
previous repqrt, is the radiotraqer method. ( 2  1 
The accuracy of this method decreases when 
the concentration of the adsorbing species 
increases in the solution. The high conc;;en- 
trations T l o m 2  M) to be used may be 
a problem. We expect firs& to study some 
of the tetraalkylammonium salts which are 
available frQm sulfur as C14 labelled com- 
pounds. A Zn tape will be in a cell for 
12 
adsorption to occurcI then will be taken 
out of the cell through a slit and the 
activity of the thin film of solution 
which remains on the metal surface will be 
counted by a proportional gas flow counter. 
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